Given the recent progress in dark matter direction detection experiments, we examine a light bino-higgsino dark matter (DM) scenario (M 1 < 100 GeV and µ < 300 GeV) in natural super- respectively. Furthermore, the surviving parameter space will be fully covered by the projected XENON1T experiment or the future trilepton searches at the HL-LHC. †
I. INTRODUCTION
Scrutinizing the mechanism for stabilizing the electroweak scale becomes more impending after the Higgs discovery at the LHC [1, 2] . Besides, there is overwhelming evidence for the existence of dark matter from cosmological observations. Identifying the nature of dark matter is one of the challenges in particle physics and cosmology.
The weak scale supersymmetry is widely regarded as one of the most appealing new physics models at the TeV scale. It can successfully solve the naturalness problem in the Standard Model (SM) and also provide a compelling cold dark matter candidate. Among various supersymmetric models, the natural supersymmetry is a well motivated framework (see examples [3] [4] [5] [6] [7] [8] [9] [10] [11] ), which usually indicates the light higgsinos in the spectrum [12] . If unification of gaugino mass parameters is further assumed, the current LHC bound on the gluino (mg 2 TeV [13] ) would imply correspondingly heavy winos and binos, resulting in a higgsino-like lightest supersymmetric particle (LSP). However, the thermal abundance of light higgsino-like LSP is typically lower than the observed value of the dark matter in the universe, due to the large higgsino-higgsino annihilation rate. These considerations motivate us to explore the phenomenology of neutralino dark matter in natural SUSY by giving up the gaugino mass unification assumption. One of the possibilities is to allow for the light bino in natural SUSY. Such a mixed bino-higgsino neutralino dark matter can solve the above mentioned problems of a pure higgsino LSP without worsening the naturalness in natural SUSY. The studies of bino-higgsino dark matter have also been carried out in [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] .
In this work, we will confront the light bino-higgsino dark matter scenario in natural SUSY with the recent direct detection data. In particular, we focus on the light dark matter regime (mχ0 1 < 100 GeV) and attempt to address the lower limit of the mass of LSP that saturates the dark matter relic abundance. In natural SUSY, a small µ parameter leads to a certain bino-higgsino mixing, so that the spin-independent/dependent neutralino LSPnucleon scattering cross sections can be enhanced. We will utilize the recent XENON1T [34] and PandaX-II [35] limits to examine our parameter space. Since the couplings of the LSP with the SM particles depend on the relative sign (sign(µ/M 1 )) between the mass parameters µ and M 1 , we will include both of sign(µ/M 1 ) = ±1 in our study and show its impact on the exclusion limits for our scenario. Besides, we explore the potential to probe such a scenario by searching for the trilepton events at 14 TeV LHC.
The structure of this paper is organized as follows. In Section II, we will discuss the light bino-higgsino neutralino parameter space in natural SUSY. In Section III, we will perform the parameter scan and discuss our numerical results. Finally, we draw our conclusions in Section IV.
II. LIGHT BINO-HIGGISINO NEUTRALINO IN NATURAL SUSY
In the MSSM, the minimization of the tree-level Higgs potential leads to the following
where
denote the soft SUSY breaking masses of the Higgs fields at the weak scale, respectively. It should be noted that the radiative EWSB condition usually imposes a nontrivial relation between the relevant soft mass parameters at the high scale in a UV model, such as mSUGRA. However, the scenario we studied in our work is the so-called low energy phenomenological MSSM, in which a successful EWSB is always assumed and in this case the above mentioned strong correlation between parameters from radiative EWSB condition in UV models is not applicable. Using the electroweak fine tuning measure ∆ EW [6] , one can see that the higgsino mass parameter µ should be of the order of 300 GeV to satisfy the requirement of ∆ EW < 30 [37] [38] [39] [40] . The light higgsinos have been searched for through chargino pair production in the LEP-2 experiment [41] , which indicates µ 100
GeV. We will use this LEP-2 limit as a lower bound for the higgsino mass. However, the relic abundance of thermally produced pure higgsino LSP falls well below dark matter measurements, unless its mass is in the TeV range. In order to provide the required relic density, several alternative ways have been proposed, such as the multi-component dark matter that introducing the axion [42] . On the other hand, without fully saturating the relic density (under-abundance), the higgsino-like neutralino dark matter in radiatively-driven natural supersymmetry with ∆ EW < 30 [43] or natural mini-landscape [44] has been confronted with various (in-)direct detections and is also expected to be accessible via Xenon1T experiment. In our study, we achieve the correct dark matter relic density by allowing the light bino to mix with the higgsinos. 
, the neutralino mass matrix takes the form:
where 
where N . Another blind spot in SD scattering can happen in the limit of tan β = 1, where the left-right parity is restored and the parityviolating Z coupling will vanish [16] . However, a low value of tan β is disfavored by the observed Higgs mass in the MSSM.
III. PARAMETER SCAN AND NUMERICAL RESULTS
In our numerical calculations, we vary the relevant parameters in the ranges of 100 GeV ≤ |µ| ≤ 300 GeV, 30 GeV ≤ |M 1 | ≤ 100 GeV, 10 ≤ tanβ ≤ 50.
We scan the values of M 1 up to 100 GeV since we are interested in light DM region and attempt to address the lower limit of the LSP mass. For higher upper values of µ and M 1 , a heavy mixed higgsino-bino LSP may also produce the right DM relic abundance [20] , while the result for lower bound of LSP mass obtained in the following calculation will not change.
The stop and gluino can contribute to the naturalness at loop level, which are expected to be mt 1 2.5 TeV and mg 3 − 4 TeV for ∆ EW < 30 [37, 45] . By recasting the LHC In Fig. 1 , we show the samples satisfying the dark matter relic density for sign(µ) = ±1.
Since a bino-like LSP has rather small couplings with the SM particles, a certain portion of higgsino components is required to meet the observed relic density. Otherwise, the universe will be overclosed. Therefore, except for the two resonance regions mχ0 is close to µ, the LSP for sign(µ/M 1 ) = −1 can have sizable higgsino components, which allows samples in the lower right corner on the left panel of Fig. 1 . However, such a region will be excluded by the dark matter direct detections as shown in the following.
In Fig. 2 , we present the spin-independent/dependent neutralino LSP-nucleon scattering On the other hand, the SD cross section is largely determined by Z-boson exchange and is sensitive to the higgsino asymmetry, σ SD ∝ |N In Fig. 3 , we plot the decay branching ratios ofχ 
Final states
Source of signal in our scenario
Given the above decay modes, we first recast the LHC searches for the electroweakinos listed in Table I with CheckMATE2 [67] . We generate the parton level signal events by
MadGraph5 aMC@NLO [68] and perform the shower and hadronization procedure by Pythia-8.2 [69] . The fast detector simulation are carried out with the tuned Delphes [70] . We implement the jet clustering by FastJet [71] with the anti-k t algorithm [72] . We use Prospino2
[73] to calculate the QCD corrected cross sections of the electroweakino pair productions at the LHC. Then, we estimate the exclusion limit by evaluating the ratio r = max(N S,i /S 95% obs,i ), where N S,i is the event number of signal for i-th signal region and S 95% obs,i is the corresponding 95% C.L. observed upper limit. A sample is excluded at 95% C.L. if r > 1. After checking all surviving samples, we find that the LHC data in Tab. I can not further exclude the parameter space because of the strong direct detection bound on higgsino mass parameter µ > 230 GeV.
In Fig. 4 , we show the prospect of testing our surviving samples through searching for electroweakino pair production in the trilepton final states at 14 TeV LHC with the luminosity L = 3000 fb −1 . Such an analysis [77] has been implemented in CheckMATE package.
In order to reduce the Monte Carlo fluctuations, we generate 200,000 events for each signal C.L.. Therefore, we conclude that our light bino-higgsino neutralino dark matter scenario will be fully tested by either future XENON1T or HL-LHC experiments.
IV. CONCLUSION
In this work, we examined light bino-higgsino neutralino dark matter in natural SUSY by imposing various constraints from the LEP, dark matter and LHC experiments. We found that the relative sign between the mass parameters µ and M 1 can significantly affect the dark matter and LHC phenomenology of our scenario. For sign(µ/M 1 ) = +1, the very recent SI limits from the Xenon1T (2017) experiment can almost exclude the whole parameter space allowed by the relic density and collider bounds. But for sign(µ/M 1 ) = −1, the SI limits can be avoided due to the cancelation effects in hχ 
